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Here we present a study of laboratory LFP electrodes in 1 mol L -1 LiPF 6 in EC:DMC
16
(1:1 by weight) at different preparation, assembling and testing stages. TEM 17 microscopy of as-received LFP and CB powders, as-prepared LFP-CB, LFP-CB stored 18 in the electrolyte and LFP-CB after 100 charge/discharge cycles is used to investigate 19 nano-structural changes including SEI layer formation. A heterogeneous electrode 20 structure, formation of secondary phases and multi-layered SEI is observed in the 21 cycled electrode. Although not investigated in detail in this paper, the latter interestingly 22 indicate that the electrode history -to some extent -is stored and can be detected in the 23 SEI layers. magnetic stirring for 10 hours. The PVdF was used as binder to enhance the adhesion to 7 the current collector. After magnetic stirring, a TEM specimen was prepared by putting 8 a small drop of the cathode mixture on Au TEM grids with a holey carbon support film.
9
Subsequently it was dried at 120 o C under vacuum. The sample was investigated in the 10 TEM microscope and is referred to as the "fresh cathode". After TEM characterization,
11
the fresh cathode was kept in a standard 1M image of one of the LFP particles is presented in Fig. 1(b) . A thin amorphous coating 21 with a thickness of ~1 nm is observed at the particle surface. 
5
A quantitative analysis of the peaks in the diffraction profile is provided in Table 2 . F peaks (27 eV) compared to measurement resolution of our EDX detector (~140 eV).
14 Fe is known to be part of LFP and thus present in the sample firmly, whereas it cannot 15 be concluded from the EDX map whether F is present in the sample. Additionally the
16
Al map is not provided since the Al counts were too weak to form a clear visible spatial 17 distribution.
18
In the STEM HAADF image carbon appears as dark contrast areas, whereas the Si- 
SEI Layer formation
From Fig. 1(b) it is seen that the pristine LFP particle is crystalline and has a thin 1 amorphous coating with a thickness of ~1 nm at the surface. The coating is an electron 2 conductive amorphous carbon layer deposited by the supplier.
3
The relatively distinct thin circles in the inset in Fig. 1(c) shows that CB is quasi 
12
The observation of a growing amorphous SEI layers on LFP during exposure to the 13 electrolyte agrees with previous reports. 32, 33 It has also been reported that SEI layers can 14 grow during battery charge/discharge cycling and dismantling. An interesting complementary X-ray photoelectron spectroscopy (XPS) and in-situ 6 atomic force microscopy (AFM) study suggested SEI layers formed on a Highly 
CB Crystallinity

16
Relative to the SAED profile from the fresh cathode [ Fig. 3 ], a reduction of peak 17 intensity and peak broadening is observed for both the stored and in particular the aged 18 sample. Decreasing CB crystallinity during storage has previously been observed, 35 same area is shown in the STEM HAADF image in Fig. S3(b) . Here the carbon (black), Si-resin (grey) and the LFP (white) can be distinguished by brightness contrast which 
15
Comparing the two SEM images, it is observed that relative to the reference electrode a 16 more heterogeneous structure and larger agglomerates are observed in the aged cathode. primarily formed amorphous chains rather than spherical particles.
10
Relative to commercial cathodes, the investigated laboratory-made cathode has a rather 
Charge-Discharge Cycling
18
The capacity loss observed in LiFePO 4 batteries is normally ascribed to the negative formed on the LFP particles during storage and cycling does not seem to affect the DC 8 resistance.
9
At the low C-rate used in this manuscript the DC over-potentials are related to the 10 critical over-potential required to initiate lithiation/delithiation in the LFP particles. 46 It 11 is believed that this over-potential is not affected by the local increase in current density
12
with capacity fading at the individual LFP particles, since the applied current densities 13 are relatively small -even after the observed capacity fade. particles. 52, 53 This part of the spectra is seen to be dependent of SOC in particular at low 1 and high SOC. The resistance related to the low-frequency part of the impedance spectra in Fig. 5 is 10 also observed to increase with cycling. The value of the real part of the lowest-11 frequency impedance in part (c) is larger than the ~2000 Ω cm 2 DC resistance. This is 12 because the impedance is measured at 0% SOC where the overvoltage deviates from the 13 DC overvoltage of 37 mV.
14
It is important to note that the resistance associated with the high-frequency arc is in the 15 order of 75-175 Ω cm 2 which is small relative to the DC resistance of ~2000 Ω cm 2 .
16
Thus the increase with cycling of the size of the high-frequency arc doesn't significantly 17 affect the DC resistance. and SEM microscopy techniques, charge-discharge capacity curves and impedance 1 spectroscopy.
2
Decreased crystallinity of CB particles was observed in an electrode cycled 100 times. The inset in (g) presents the magnified primary coating layer on LFP nanoparticles, and 4 inset in (i) shows the magnified LFP/SEI layer interface. The average EDX spectrum of the map. 
